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ABSTRACT 
The human body has emerged as more than a canvas for 
wearable electronic devices. Devices too go within the 
body, such as internal medical devices. Within the last 
decade, individual hobbyists have begun voluntarily 
inserting non-medical devices in, through and underneath 
their skin. This paper investigates the current use of 
insertable devices. Through interviews we report on the 
types of devices people are inserting into their bodies. We 
classify the use of insertables and the reasons individuals 
choose insertables over more traditional wearable or 
luggable devices. These classifications facilitate 
understanding of insertables as a legitimate category of 
device for hardware designers that present new challenges 
for interaction designers. 

Author Keywords 
Insertables; Wearables; NUI; emerging technology; 
ubiquitous computing; implantable devices 

ACM Classification Keywords 
HCI; Human Factors; H.5.m. Information interfaces and 
presentation (e.g., HCI): Miscellaneous 

INTRODUCTION 
Over recent decades the body has emerged as a platform for 
devices, including those required for medical reasons as 
well as wellbeing devices to track fitness. Technological 
size and cost reductions, along with power and battery 
improvements, has meant items that were once external 
have become wearable, and even insertable. Implantable 
medical devices (IMDs) are those inserted into the body for 
restorative purposes, such as the first successful fully 
implantable pacemaker in 1958 [44]. Other IMDs include 
cochlear implants, deep brain stimulation for the treatment 
of Multiple Sclerosis and Parkinson’s Disease [33], dental 
implants and orthodontics, implantable contraceptive and 
pharmaceutical delivery devices and injectable mini 
diagnostic labs for in vivo drug sensitivity testing [13], to 
name only a few. While IMDs are not new [21], in recent 

years we have seen the emergence of voluntary, non-
medical insertable devices.  

We are now seeing insertable forms of non-life-threatening 
health products becoming accepted. Contraceptives exist as 
wearable prophylactics or insertables in the form of female 
condoms, diaphragms, intrauterine devices (IUD) and sub-
dermal contraceptive implants. Menstrual aids too have 
wearable or insertable forms, with an individual able to 
choose pads, tampons or menstrual cups. As individuals 
become more comfortable with these insertables as well as 
body modifications, we are beginning to see voluntary use 
of insertable devices.  

Devices that go within the body can be contrasted with 
luggable devices - those which must be carried by a person 
with effort - and wearable devices - those “worn with 
clothing or on the body” [7]. Insertables are an extension to 
wearables. Instead of placing a device on the body when 
needed, and taking it off again when no longer required, it 
is now possible to augment the body in a semi-permanent 
way with an insertable device. This augmentation is 
typically not visible to others and is comparable to those 
who insert contact lenses rather than wearing glasses. This 
behavior is being replicated with electronic devices, where 
some people are rejecting wearable Radio Frequency 
Identification (RFID) for RFID devices inserted under the 
skin [9]. We use the term insertables to refer to non-
permanent, voluntary, devices contained within the 
boundaries of the body.   

Researchers, artists and hobbyists have augmented their 
bodies in new ways by voluntarily inserting non-medical 
devices [9, 12, 14, 21, 23, 38]. However, what devices are 
being inserted and why is not well documented. Ip et al [12] 
speak of an underground movement ignoring criticism from 
conservative groups [12]. Graafstra, Michael and Michael 
describe these DIY hobbyists as “interested in novel 
convenience-oriented solutions” [9]. 

The focus of this paper is to understand what non-medical 
devices that go in, through and underneath the skin 
hobbyists are voluntarily inserting. It describes these 
devices and motivations for insertion. It will do this by first 
looking at prior work, then describing the current use of 
insertables by reporting on interviews with those inserting. 
This paper is descriptive in nature to explain the emerging 
use of insertables and what individuals use these devices 
for. The focus is on electronic devices within the body, or 
devices interacting with electronic artifacts, presenting new 
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challenges for interaction designers. This is an important 
contribution to the field of HCI as it provides an 
understanding of the current use of insertables for future 
research to build upon and opens up the option of 
insertables as a device of choice for both input and output.  

PRIOR WORK 
This section describes the use of insertables as seen in pop-
culture and the recent leap from science fiction into reality. 
Academic literature describes the first human explorations 
into insertables, use of RFID chips for security and medical 
identification and the beginning of hobbyist use in 2005.  

Insertables in Pop Culture 
Insertable devices have accented science fiction for 
decades, from the Cyber Men of Doctor Who (1966) to The 
Terminator (1984). The 1970s TV series The Six Million 
Dollar Man and The Bionic Woman saw humans rebuilt; in 
their universes we had the technology. Both were in 
debilitating accidents and ‘rebuilt’ with bionic implants that 
not only restored their capabilities, but also took them well 
beyond ‘normal’.  The 1980s saw a rise of the cyberpunk 
subgenre, characterized by near-future high-tech realities. 
There is a plethora of examples of the cyborg and 
microchipping trope. Darth Vader, for example, received a 
mechno-arm in Star Wars. This arm was not simply an 
aesthetic replacement but inserted into his remaining arm 
and connected to nerves to create a neural interface, 
whereby he controlled the mechano-arm as if it were part of 
his body. This replacement was strong, extending his 
capabilities well outside of human norms. Even James 
Bond has a biometric implant in his arm, reporting his 
location and vital signs to MI6 (Casino Royale, 2006).  

First Human Explorations – Researchers & Artists 
While the above is not yet technically possible, the concept 
of insertables is no longer contained to the boundaries of 
science fiction. As Clark [5] opines: “such discussion is no 
longer hypothetical”. The first documented case of human 
insertion of a digital device (an RFID chip) for non-medical 
purposes was cybernetics Professor Kevin Warwick, during 
his weeklong 1998 Cyborg 1.0 experiment [48]. Warwick 
used this chip to open his office door, control lighting and 
have his computer ‘greet’ him. Warwick speaks of his 
experiment, explicitly stating “I did not have a medical 
need” [48]. He regarded the implant as part of his body as it 
did “things for me, not against me” [48].  

Also in 1998, performance artist Eduardo Kac self-inserted 
a microchip into his leg and registered himself on a pet 
database in his live performance Time Capsule [14]. Kac is 
not the only artist to experiment with insertables; in a 2002 
interactive installation, Pop! Goes the Weasel, Nancy 
Nisbet inserted microchips into both her hands [21]. 
Similarly, Stelarc had an ear surgically attached to his arm 
in 2007 with an embedded chip to ‘hear’ [38].  

September 11 Attacks and VeriChip 
The tragedy of the September 11, 2001, attacks engendered 
a new use for inserted RFID: security and identification. Dr. 

Richard Seelig self-inserted two RFID chips into his hip 
and arm five days after the attack [21], after seeing rescue 
workers writing badge numbers on themselves to be 
identified. Seelig went on to found the VeriChip 
Corporation who received FDA approval for human 
insertion in 2004 [31]. VeriChips were inserted into the 
upper arm of patients and used to store medical and health 
records [2]. VeriChip has since rebranded as PostiveID and 
no longer sells RFID insertables. During its tenure, over 
2,000 VeriChips were sold and 900 medical facilities 
equipped to read them [28]. There are notable examples of 
VeriChip use for other purposes including: 160 employees 
in the Mexico Attorney General’s offices to access secure 
areas [3]; three employees of surveillance company 
CityWatcher inserted with chips to access their Cincinnati 
offices [23], and; 100 staff and patrons of the now-defunct 
Barcelona Baja Beach Club VIP program for access and 
payment [22].  

Hobbyist Use 
The VeriChips, like microchips used in pets, have a porous 
bio-bond coating to prevent migration by bonding to tissue 
[9]. These chips make removal very invasive and difficult, 
if not impossible. The first hobbyist to insert an RFID chip, 
Amal Graafstra in 2005, sourced non-permanent chips 
without this coating [3]. Graafstra now sells these insertable 
chips online [6] and has sold thousands of units thus far. 

Prior work documents single case studies or individual 
participant use [12, 21, 23, 25, 26, 39]. Literature available 
on more widespread use is not peer reviewed [32] or 
appears in opinion pieces [52] and news articles [1, 4, 17, 
29, 42, 51]. There has not yet been research looking at the 
hobbyist movement of individuals voluntarily inserting 
devices. The arena of insertables on the whole has received 
little academic attention, particularly in HCI. Therefore, this 
research asks the question of what are people inserting into 
themselves voluntarily and why? This paper presents 
findings from an interview study of 17 individuals 
highlighting their reasons and the functionality of the 
devices. This will inform future use and design. 

RESEARCH DESIGN 

Recruitment 
An advertisement was posted on Internet forums and social 
media sites. The advertisement was also placed on the first 
author’s personal Facebook page and public Twitter and 
Instagram accounts. A printed copy of the advertisement 
was also left at local body modification studio known to 
offer services for insertables. Additionally, snowballing was 
used to recruit by asking participants to share the 
advertisement. A few participants, publicly known to have 
insertables (through media reports and personal websites) 
were contacted directly. The study involved 17 participants.  

Interviewees were advised of the possibility of 
identification, particularly if using insertables in a unique 
manner, due to the emerging nature of insertables and 
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therefore small cohort. To aid anonymity we have chosen 
not to use synonyms or number attributions against 
participant quotations in this paper.  

Data Collection  
The first author interviewed all participants. The interviews 
were either face-to-face or via online teleconferencing 
software or over the telephone as many participants were 
interstate or overseas due to the small number of people 
inserting devices. The interviews were semi-structured and 
conversational in nature. Core questions asked were: what 
insertable devices do you have? What do you use them for? 
And, why did you choose an insertable rather than using an 
existing wearable? The interviews were recorded and 
transcribed, along with notes taken during the interviews.  

Data Analysis  
The data were coded, in a bottom up approach. We assigned 
codes to the data and grouped them thematically. Each 
interview was further analyzed to extract data into clearly 
defined categories: demographic, type of insertables and 
insertion, uses and, reason for insertion. The coded data was 
grouped thematically to develop concepts inductively [35].  

FINDINGS 
We first present a description of the study participants. We 
then outline the types of insertable devices and detail 
participant experiences of sourcing and inserting devices. 
Next, we describe the use of each type of insertable and, 
finally, look at the positioning of devices within the body.  

Cohort Description 
The 17 participants reported themselves as having, or 
having had, insertable devices. The participants are 
hobbyists in the form of ‘makers’ and ‘tinkers’ as defined 
by Stebbins [37]. There were 14 (83%) participants 
identifying as male with the other three (17%) female. The 
age of participants ranged from 18 to mid-40s. Participants 
were from Australia (4, 23%), New Zealand (3, 17%) and 
the United States (10, 59%). The digital literacy and 
technical ability of the participants ranged from novice to 
very advanced and working in highly technical areas. 
Participants worked across a wide variety of industries from 
STEM-related fields (9, 53%), other creative fields 
including marketing and advertising (4, 23%), 2 working in 
administration roles (2, 12%) and 2 students, one high 
school and one university in STEM (2, 12%).  

Participants thought of themselves as ‘normal’, not as 
radical or alternative. One explained: “in my professional 
life I am pretty much just a normal dude [who] wears jeans 
and a t-shirt to meetings. I'm not typically out there. So I 
guess I was sort of normal, I think, if you can call it that”. 
Of the 17 participants, 11 (65%) had tattoos and nine (53%) 
piercings ranging from lobe to body piercings. Three 
participants had genital piercings. Other participants were 
outright against the idea of getting tattoos or piercings 
stating: “I’m only really interested in the practical stuff, not 
the aesthetic type”; “I don’t like adding unnecessary things 
to my body” and “I don’t think I’d ever get a piercing or 

tattoo”. Only two participants described themselves as 
being particularly interested in body modifications.  

Insertable Devices 
There were three types of insertable devices identified:  

 Magnets, for interacting with electronic and digital 
objects (11 participants, 65%)  

 NFC and RFID (near-field communication) microchips 
(12 participants, 70%), and  

 Bespoke devices (one participant) 

Many participants had more than one insertable. Four 
participants had more than one microchip (NFC and RFID), 
five with microchips and a magnet and six with more than 
one magnet. The 17 participants had a total of 47 
insertables within their bodies. This number does not 
include devices that had been removed or upgraded. 

Participants had tried wearable devices, or had simulated 
the intended functionality, before getting inserted. This 
involved using a NFC ring with a compatible door lock and 
gluing magnets to their skin to simulate sensations, and 
work out effective configurations. Others didn’t bother as 
they didn’t see a benefit, or had researched extensively, and 
felt comfortable with their decision: “I didn’t see much of a 
reason…this isn’t a major body modification or anything, it 
took five minutes, it can get removed just as easily”.  

Sourcing Insertables 
Participants purchased insertables from a variety of places:  

 46% (12 magnets and 10 microchips) were purchased 
from an online retailer (DangerousThings.com)  

 26% (12 magnets) from specialist body modification 
studios, 

 9% (four microchips) direct from the manufacturer  
 19% (six magnets, three microchips) not specified.  

Insertion Settings 
Participants used a variety of services to insert devices: 

 61% (23 magnets, seven chips) at body modification or 
tattoo studios  

 6% (one magnet, two chips) at doctors’ offices  
 12% (six chips) at private residences by health 

practitioners (nurses and EMTs) or unskilled individuals  
 10% (four magnets, one chip) self-inserted 
 6% not specified.  

Individuals in rural locations found it difficult to find 
someone qualified to do the insertion. Three participants 
travelled to different states for insertion and others 
performed the insertion themselves. Two opted for self –
insertion, or insertion by a friend, due to cost factors: “it 
seemed like it wasn’t worth hiring someone to do it, so I 
just got him [flat mate] to do it one day”. Two individuals 
self-inserted, both females who had experience with self-
piercings: “I pierced my ear for the first time up the top in 
the cartilage when I was 15, when I was 17 I did my inner 
labia”. For both, self-insertions were not their first 
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preference: “I was very keen to have a professional body 
modification expert [but] they nominated a really expensive 
price and I thought absolutely not”.  

The majority of participants were not in support of self, or 
non-professional, insertion. One participant holds “a really 
big worry that people aren’t going to give a shit about 
blood-borne pathogens and suture techniques”. This 
finding is in direct contrast with Ip’s claim that hobbyists 
are inserting themselves [12] - many are seeking, or trying 
to seek, professionals or experts to insert safety.  

The Insertion Procedure 
Two methods were used for insertion: the scalpel method 
used by Warwick [48] or the syringe method used by Kac 
[14]. The scalpel method involves making an incision in the 
skin, using a blunt tool to create a pocket between the 
dermis and the epidermis and placing the device into this 
pocket. The syringe method uses a large gauge plunger 
needle, similar to those used in pet microchipping or body 
piercings. The needle is inserted into the skin and, once in 
place, the plunger depressed to insert a microchip. Only two 
participants, including one self-inserter, used the syringe 
method for magnets, however magnets are placed in by 
hand as they cannot traverse the metallic needle. One 
participant who had experienced both methods for inserting 
magnets reflects: “after doing the needle method I would 
not do the scalpel method again. It’s medieval. It’s not 
necessary, it’s horrible, and it’s painful”. 

Only 16% (7 magnets, 1 chip) had local anesthetic or other 
numbing during insertion and 53% (23 magnets, 3 chips) 
had sutures. Depending on local laws numbing is often not 
allowed at body modification or tattoo studios. Of the self-
inserters, one used numbing while the other didn’t. Self-
inserting with numbing, was very intricate. It involved 
mixing and preparing an anesthetic, sourced online, and 
sewing sutures one-handed, following a YouTube tutorial.  

The pain reported with microchip insertions was 
considerably lower than magnets. This pain was compared 
to drawing blood, inserting an IV, a pinch or a bee sting, 
but for everyone it was “all over in a matter of seconds”.  

Bodily Rejection of Insertables  
Of the 17 participants, only two had experienced rejection 
and both of these were with self-inserted magnets. It took 
one individual “four attempts for two magnets”. Neither 
could identify the cause of rejection as both happened 
“weeks after it was in. It had completely healed over and 
then it just started to split and come out.” There were no 
physical signs of infection reported in either case.  

Living with Insertables  
Post-insertion individuals went through an adjustment 
period of behavior change and/or healing, which ranged 
from as little as two days for small chips and up to 30 for 
large bespoke devices. After this transitory period they all 
accepted the device as a normal part of their body. No 
participants spoke of regretting getting an insertable.  

Adjustment Period 
Ten of the 11 individuals with magnets reported a need for 
minor changes in behavior after insertion. This was due to 
interactions with magnetics in everyday objects. For 
example, the side of an iPad: “you protectively curl your 
fingers in so you don’t end up coming into contact with it. 
Now that’s an everyday thing that I don’t really think 
about. I also don’t put my fingers in my pocket, otherwise I 
pull them out and they are covered in little metal bits of 
things and coins”. Similarly, when one participant shops: “I 
don’t put my hand entirely on the cart [so my fingers are 
not magnetically attracted to the metal bar]. It’s not 
uncomfortable per se but it’s not the most comfortable 
thing. I’ve just sort of subconsciously over time done that”.  
Those with microchips were able to start using their devices 
straight away, however still had minor adjustment periods 
during healing.  

Acceptance and Use 
Once healed, individuals did not consciously think about, or 
feel, their insertables: “I wouldn’t have a clue that I had it 
in there, I don’t think about it at all. I’m not, not doing 
something because of the thing in my hand”.  One 
participant compared it to having piercings, once they heal: 
“I don’t particularly think about it, no more than you might 
think about your earrings”, while another compared it to 
automatic body functions: “[I think about them] as much as 
I think about my kidneys, which is it just does its job and 
that’s great”. Even during insertable use individuals felt 
interactions were between themselves and the task directly, 
with the technology indistinguishable from a part of their 
own body.  

Over time, the use of the new device became a part of their 
bodies: “even the operation [of using my door] becomes 
automatic, I walk up to the door and hold my hand up, it 
unlocks and I grab the knob and go. That action becomes so 
rote. Somebody else comes to the door and they need to get 
in, I have to be like ‘oh yeah, you can’t wave your hand’”.  
One participant developed a nervous habit of fidgeting with 
his device and found he missed it after removal.  Another 
spoke of a Pavlovian response to hearing the microwave 
and reacting to “go have a feel” of the electromagnetic field 
while another spoke of having their ‘normal’ hand seem 
“almost strange that I can’t feel it, because it’s second 
nature that I can feel microwaves”.  Our acceptance and use 
phase echoes Warwick’s experiences [48].  

State of Microchips 
The microchips were in various states of use, non-use and 
semi-use with a view to being replaced with newer devices. 
We classify the state of microchips as falling into one of 
three states:  dormant, upgraded and Depreciation. 

Dormant 
Three participants had dormant chips no longer in use. One 
used his chip to open his front door for four years until 
realizing “it really wasn’t that much of a time-saver”. 
Despite disuse, individuals had not considered removal: “I  
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magnetometer in my home for an additional security 
mechanism”. Another discovered “when I’m typing on my 
MacBook and someone is over my shoulder I can just move 
my finger [with the magnet] to the left of the tab key and it 
will shut off the screen, because that’s where the sensor is 
for the lid close”. One participant used his magnet as an 
alternative digital interface, by wearing a device over the 
insertion location that converted “any type of sensory input 
into something that a magnet can understand”. One such 
application was a distance sensor that enabled him to “close 
[my] eyes and walk around a room, using only the magnet 
to guide”. This use is similar to Fingerflux’s haptic sensing 
[50] however here the magnets are not worn, but inserted.  

Magnets not near nerve endings do not pick up 
electromagnetic fields, as reported by the participants with 
magnets in their tragi (the tragus is the cartilage at the 
opening of the ear): “there’s not enough nerve endings in 
the tragus so I really can’t feel any of the electromagnetic 
fields”. What the tragi magnets were used for is sound 
detection. One participant pioneered this phenomenon and 
created a device that “produces vibrations to the magnets 
which creates sound” to effectively make invisible 
headphones that “sounds like it’s coming from inside your 
head rather than through your ears”. He further explained: 
“if I were to pick up the coil and put my magnetic finger in 
[someone’s] ear they can hear it as well” which was 
confirmed by another participant: “he played Straight Out 
of Compton for me and I was like holy shit that’s awesome, 
Eazy-E is in my head”. This participant has since inserted a 
tragus magnet and has heard tones through it.  

Use of Microchips  
Of the 12 participants with microchips, all male, nine had 
NFC and seven RFID chips. These chips are activated when 
within range of a corresponding transponder and 
communicate over radio waves. The read range of chips 
inserted into individuals is only a few centimeters. The uses 
for these chips included access and authentication, storing 
and sharing information and temperature readings. As one 
participant stated: “they can be programmed to do whatever 
you want, they’re not limited. I can change the behavior”.  
Only NFC chips can be used to unlock phones, as there are 
currently no RFID-compatible phones. Many modern 
Android phones are NFC-capable, while Apple devices 
have not opened this function for use other than Apple Pay.  

Access and Authentication 
Six participants used their chips for access to homes, 
offices, cars and motorcycles, similar to Warwick’s Cyborg 
1.0 experiment [48]. Five participants used them for logical 
access to phones, apps, websites and computers.  One 
participant used his microchip for as much access as 
possible: “whenever I go through a door or something like 
that it’s an access token challenge. The traditional token is 
a key, you know that old piece of metal just seems a little 
archaic to me. So I use it mostly for anything that usually 
requires a key or password. So I go into my house, my car, 

log into a computer, that kind of thing”.  One participant 
built an RFID reader into an art installation so that he could 
“shut the unit down and walk away” without fear someone 
else could turn it on.  

For individuals whose workplaces already had an RFID 
access system, gaining access could be as simple as asking 
to have their unique chip ID added to the system or, as one 
participant explained, “if you know what you are doing and 
have the right type of hardware you can take office access 
cards and copy them”.  Cloning existing RFID access 
passes onto chips was a little more involved with one 
participant, who worked in computing security, explaining: 
“for someone who didn’t have any technical skills I would 
consider it would be quite difficult”. Another participant, a 
software developer, echoed these difficulties: “it’s one of 
those things where it’s a surprisingly large amount to get 
set up and get it working”. Participants who did not use 
their chips for work access either did not have the facilities 
at their offices, had chips of different frequency, or didn’t 
see the need for the type of job they currently had: “if I had 
a lifetime career job I’d definitely consider [it]”.   

Enabling home, car and motorbike access for RFID chips 
was involved but didn’t “require any coding at all. It 
required a little bit of electronics.” To gain access to his 
house one participant converted an existing front door lock: 
“I built some hardware and modified an existing lock”. 
Another participant advised for “anyone who wants to do 
functional things, it’s well worth kind of getting in to the 
world of microcontrollers because that’s the bridge, the 
glue you need to control the appliances and control the 
different stuff in your life”.  For NFC chips, gaining home 
access was as simple as buying and installing an NFC-
compatible lock and adding their tag to it: “all I needed to 
do on the door lock was accept me tagging my hand in, and 
tap it and go”.  Computer access could also be gained easily 
by buying an external USB reader and adding the chip to it 
- “that was pretty much plug and play”. 

Insertables for access may seem trivial, but one participant 
recalled many occasions he “was super-duper thankful that 
I went through this small tiny piece of pain for the 
guarantee that my key would be with me as long as I have 
my hand, which I’ve never ever forgotten. It only takes one 
or two times of making a bullshit trip that’s already too 
long and having to drive the whole way back home, or deal 
with it for the day, to make you realize like oh a small pinch 
and this is solved? Yeah, please give me the pinch.” 

Programming an Android phone to unlock, or to launch an 
app or website, is as simple as downloading an app and 
placing the chip against the reader to program. One 
participant used his chip to trigger GPS navigation: “I set 
up the GPS coordinates of my lab and I set it so that if I 
scanned it, it would automatically set my navigator up and 
immediately have me headed towards my lab, which was 
kind of cool because it made everything easier, I didn’t  
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going over old thoughts about cyborgs”. For those able to 
articulate their reasons, we discuss their motivations. 

Desire for a New Body Modification 
Some participants discovered insertables when looking into 
other body modifications, as one participant describes: “I’ve 
loved piercings all my life. A friend of mine mentioned that 
she’d read in Wired that people were getting magnets and 
were able to pick up some sort of electromagnetic sense 
around live electronics and detect live wires and that 
sounded really appealing”.  These individuals wanted a 
body modification regardless of functionality, but enjoyed 
the concept of a functional insertable once discovered.  

Wanting to be a Part of The Next Big Thing 
Participants were technology enthusiasts, and early 
adopters. They consider insertables as the next big thing: “I 
guess I'd call myself an early adopter. I’ve maxed out on 
wearables and it was just the next step”. One self-professed 
evangelist enthused: “because somebody has to figure it out 
sooner or later, and there’s definitely shit we don’t know. 
Why wait? I mean we have the technology, what we’re 
basically waiting around for is for people to be less 
squeamish. They’re not going to get less squeamish unless 
we start doing it. That’s it; it’s the only reason, because it’s 
time”. Some identified their current insertables as “not 
overly functional…I’ll admit it’s a bit of a statement to be 
honest, why get a piercing? I love technology, it’s neat”. 
Others are experimenting with the new technology “it’s 
something which is relatively new and I want to 
experiment” and “I don’t believe that this type of body 
modification is about functionality. It’s about testing the 
limits; it’s about making a statement.” 

Extending Human Function and Capabilities 
While some participants discovered the availability of 
insertable devices when looking into body modifications, 
“Oh people are implanting themselves with stuff? Cool, 
well I’ll do that”, their reason for receiving the actual 
insertable itself was not aesthetic: “it’s all for science 
rather than artistic expression”. Many explicitly stated “I 
prefer to have ones that have a function” and that they are 
not interested in tattoos or other aesthetic body 
modifications. One participant explicitly stated: “the reason 
that I chose [a NFC chip] over a tattoo was about 
permanence and being stuck with something that I’d have 
forever, whereas this can be removed”.  Another expressed 
an interested in tattoos, despite not having any, and got an 
insertable as it was “a tattoo that was useful”. 

Many spoke about extending human senses and the 
experience of “having something new inside my body”. One 
participant suffers an eye condition that will likely leave 
him blind, so he wanted to “compensate for that and try and 
use echo-location. I wanted the implant and not a wearable 
so it is something that I could have at all times”. While he 
has not been able to achieve this yet, he continues to 
experiment. Others saw this as “the next stage of human 
evolution”: “we should be able to enhance the senses that 

we have naturally instead of just improving senses when 
they’re not working as well as we’d like”. 

For magnets, individuals spoke about having a sixth sense. 
This was reflected in some participants with chips: “I’m not 
satisfied with the purely biological body. I want to basically 
have more functional stuff and so [this] is just the very first 
step. It’s what’s currently available today, rather than just 
science fiction”. They noted, “it’s not really a practical skill 
it’s more look at what we can do, science is cool”.   

Tiring of Wearables 
Participants spoke of the impermanent permanence of 
insertables. They can remove them but they are also always 
available. They chose insertables over wearables as 
otherwise “it wouldn’t be waterproof so you could use it in 
fewer circumstances” and as they cannot be forgotten.  
Others were not excited by the idea of peripheral devices in 
the form of wearables, while they were excited about 
“having it become an actual part of me”. One participant 
explained: “the difference is about that permanence and 
having that more a part of you”.  

Another reason for choosing insertables was a dislike 
towards wearables: “I don’t wear jewelry at all. I don’t 
even wear my wedding ring. I just don’t like having things 
on me…it make my skin clammy underneath and it’s 
uncomfortable”. One participant summarized: “it really 
comes down to the fact that we …have these things that we 
manage in the day…the Tamagotchi effect. We have keys, 
wallets or purses and our phone. You have to manage those 
things throughout the day. If you wear glasses then you 
have to manage them. If you have wearables that you put on 
and take off every day you…– make sure they’re charged 
and all that. I need a way to just understand it’s me and just 
let me in without needing to mange anything or having a 
wearable or any other additional devices. I wanted it to be 
seamless and invisible. You try and minimize the number of 
things you need to manage in the day because you don’t 
want to spend your time worrying about them”. 

For magnets, many spoke having a permanent sixth sense: I 
like the idea of having to live with the implant and 
experience that 24/7 not just selectively adding the 
wearable…with the extra sense at my leisure”.  

DISCUSSION 
In 2012, Holz et al [11] predicted devices inside the body 
could become a reality. In this paper we have shown 
hobbyists are now indeed voluntarily inserting devices into 
their bodies. Through 17 interviews we have classified the 
types of non-medical insertable devices people are 
voluntarily inserting: magnets, microchips and bespoke 
devices. Insertables were specifically used to: support 
human connections; extend sensorial input and act as an 
alternative digital interface; interact with digital artifacts, 
including access and authentication inputs, storage and 
sharing of information; and; to capture biometric data in the 
form of body temperature. Hobbyists are becoming 
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professional, heralding a consumer market that up to this 
point has had no professional counterpart [37] that will 
move towards new professions and the implications for HCI 
researchers and interaction designers will become a reality.  

We will now discuss the implications of our findings and 
explore possible directions for future use and design of 
insertables devices, contrasted with novel wearables. 

Biometrics from Within the Body 
Like wearables, insertables are often used to track personal 
health information. In our study, three participants used 
their insertables to garner biometric data in the form of 
body temperature. Existing wellbeing devices measure 
biometric data from being worn. Insertable devices used for 
biometric data capture could address limitations of 
wearable devices that are often uncomfortable to wear 
during exercise or unable to be used in some situations, for 
example swimming [34]. Insertables offer interesting new 
possibilities for the quantified self (QS) movement, as they 
stay out of the way of during recreational activities [11].  

New Input Devices  
Holz et al [11] proved the feasibility of inserted devices by 
showing traditional interface components could reliably 
work beneath skin. This was replicated in hobbyists use by 
one participant, as his bespoke device communicated 
through human skin via Bluetooth. Our participants have 
repurposed old technologies, NFC and RFID, for new, 
input, applications [36] from within their bodies. We have 
shown that a small, but growing, cohort of individuals are 
choosing to insert electronic input devices within their 
body, rather than using wearable alternatives.  

The lack of a suitable ecosystem for insertable devices 
remains an ongoing challenge. NFC and RFID are not 
currently widespread input options, often requiring 
additional peripherals or making of specialized devices to 
receive input. Our participants have gone through 
considerable effort to modify systems to accept their 
insertables as valid input. If these formats became popular 
input technologies, users will be able to access systems 
more readily. Further, there are technical barriers to use as 
existing hardware tools are often aimed at developers and 
involve complex set up. Novice individuals may be 
interested in insertables but lack the technical ability to 
configure them. The technological capabilities of 
components must too be improved for them to become 
insertable. For example, with regards to the ‘invisible 
headphones’, individuals cannot currently get the volume 
loud enough or batteries strong enough to power the 
transmitting coil for long enough to be deemed useful and 
usable. Further size and cost reductions and battery life 
improvements [11] will facilitate insertables as a legitimate 
category of devices for more widespread use.  

Accessibility and Ubiquity 
Michael and Michael [23] observe that there are two things 
always with us: clothing and our actual bodies. As devices 

are miniaturized they are not only integrated into our 
everyday experiences, but into our bodies, becoming truly 
ubiquitous. Accessibility and ubiquity were two important 
benefits reported by our participants.  

Participants associated the capabilities of the inserted 
technologies as capabilities of themselves. Many spoke of 
their abilities as “I can …” rather than attributing the 
device. Participants took for granted their capabilities are 
derived from insertables, as the new abilities become their 
new norm. In this era of ubiquitous computing there is a 
blurring of the line between ourselves and the technologies 
that we use [15]. When this technology is physically inside 
us, this line is blurrier than ever before. Users of insertables 
look as ‘normal’ as can be as the devices are often 
completely hidden within their bodies, with small scars that 
are only noticeable if pointed out, following Mann [20].  

Clearly, insertable devices are ubiquitous devices, small 
and unobtrusive and comfortable to an extent that 
participants forgot their existence [15]. Wearables are 
neither invisible nor unobtrusive as “they are [often] so 
obviously distinguishable from the human body” [46]. 
While some novel wearable devices may be hidden or 
camouflaged in plain sight (e.g. finger nails, hair extensions 
etc.), they are not truly invisible; only insertables are truly 
invisible and always available. Some, like SmartWig, are 
specifically designed to enhance appearances [41]. This too 
is the case with NailO [15], NailDisplay [40] and Vega and 
Fuk's work integrating technology into beauty products like 
make up, fake nails and hair extensions [45, 46]. Our 
participants were not interested in aesthetics; they wanted 
something that did not need to be put on and taken off the 
body, which they could not forget and that was hidden. 
Certainly, these novel wearables are attractive to users who 
want devices that are more easily removed.   

Usability  
Many of our participants claimed that insertables provide 
increased usability over existing solutions in terms of 
learnability, efficiency, accessibility and user satisfaction. 

Learnability 
Insertables have the benefit of proprioception, the bodies’ 
sense of its position and motion [10, 18], allowing for 
intuitive interactions. Given the limited functionality of 
current insertables, it is not surprising that participants had 
no difficulty learning how to use them: all they had to do to 
raise their hand to a reader. Use of insertables as input to 
existing interfaces removes the need for individuals to stop 
and interact with devices, making them natural user 
interfaces (NUIs) with intuitive and seamless interactions.  

Efficiency 
Participants were using insertables as input triggers to 
automatically and seamlessly launch applications without 
interacting with devices, other than to hold their hand to a 
reader. Just like wearables [1], interactions with insertables 
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are efficient, as users do not need to carry devices nor stop 
what they are doing to interact with one.  

Accessibility 
In our study those who used insertables for access were, at 
least partly, inspired by forgetting their keys. As insertables 
are inside the body users cannot physically forget them, 
these devices “always stay with the user” [11] therefore are 
always available . Recent novel, wearable input innovations 
[15], [49], [1], [45], [41] claim the benefit of being ‘always-
available’. Once put on these devices are always available, 
however, as they are still wearable devices, they need to be 
“explicitly put on or removed, either on a daily basis, or for 
specific activities” [11]. We argue, therefore, insertables are 
the only truly always-available device available.   

User Satisfaction 
Our participants expressed frustration with managing 
wearables; they no longer wanted to be bothered by 
carrying or wearing objects they could forget and had to 
manage, recharge and put on. Participants had eliminated 
keys, dongles and external devices by moving these input 
and storage functions to insertable devices.  

Our participants opted in to insertables. For them, the 
benefits out weighed any pain or discomfort. As Gasson 
opines, “demonstrated by cosmetic surgery, we cannot 
assume that because a procedure is highly invasive people 
will not undergo it” [8], although for most, insertion is no 
more invasive than a body piercing. It is true, however, that 
not all users will be satisfied with inserting devices into 
their bodies. Gluing RFID tags onto nails is “far less 
controversial” [47] and threatening for the wider populous. 
Wearable and insertable devices can coexist alongside one 
another with users being able to choose whichever they are 
comfortable with, and what meets their needs.  

Extending Senses and Alternative Digital Interfaces 
Cybernetics research and neural interfaces shows data input 
from insertable devices is possible. Notably, Warwick’s 
Cyborg 2.0 experiments where a 100-electrode array 
innserted into his median nerve was able to control an 
electronic wheelchair and an artificial hand [50]. However, 
our participants have also begun to experiment with 
insertables to receive data in a hands-free manner without 
having to stop what they are doing. Two of our participants 
are experimenting with use of insertables for more than a 
notification that another device needs their attention. They 
transmit the data itself to magnets, rather than simply a 
haptic notification. This is a similar technology to the 
Sensory Vest [30], which used sound-to-touch conversion 
to relay information to wearers through the skin.  

One participant used a magnet to walk around eyes closed - 
a proof of concept to replace senses in the blind. 
Leveraging insertable devices in this manner can be used to 
achieve truly hands-free, eyes-free information receipt for 
individuals with and without impairments. Receiving and 

interpreting data from insertables has the potential to give 
invisible improvements in sensorial parity or extension.  

Using insertables for sensory improvement offers new 
modalities. This is similar to colorblind Neil Harbisson who 
uses an inserted antenna to ‘hear’ color [30]. Our 
participants were also extending their human senses to 
‘feel’ electromagnetic waves, as Harbisson extends his by 
being able to also ‘hear’ colors outside of normal human 
capabilities, into the UV spectrum. Eyeborg, another 
insertable, has also been used to restore vision [16].  

FUTURE WORK  
The purpose of this paper is to understand what devices 
individuals are inserting into their bodies, how they are 
used and why. We acknowledge this paper presents a 
mostly favorable view of insertables. This is consistent with 
findings from participants, none of whom expressed regret 
regarding insertables. Even those who experienced rejection 
were positive and were looking to get re-inserted. Questions 
about privacy, public perceptions and ethical considerations 
are issues for future research. Michael has written 
extensively [22-25, 27] about the potential ethical issues 
that may arise from insertable use, particularly if their use is 
no longer voluntary. There is much room for future work to 
address the current issues by: including magnetometers, 
NFC and RFID readers in existing devices for input, or new 
peripherals; creating an ecosystem of devices including 
insertables; designing apps and other peripherals to interact 
with and transmit data to insertable devices, and; working 
to create new insertables including addressing power 
consumption issues with ‘invisible headphones’. Extending 
insertables to receive data will enable interaction designers 
to create interfaces that are truly invisible, and integrated. 

CONCLUSION  
This paper has described the current usage of insertables: 
magnets, NFC and RFID chips and bespoke devices. 
Individuals are experimenting with insertables and, as 
acceptance grows, insertables will become a device mode 
of choice for future NUIs. Designer Jennifer Darmour 
believes objects should be designed to be seamlessly 
integrated into users lives [19]. Similarly, Vega and Fuks 
[47] predict “the use of the body’s roughly two square 
meters of skin as a canvas”. 

We argue that the body is not just a canvas for devices to go 
on to, but also a platform for devices to go in, if designed to 
(miniaturization and encasement in bio-inert materials). 
Furthermore, the internal body is no longer limited to 
implantable medical devices. We have shown insertables 
afford always-on interfaces for voluntary and discretionary 
interactions. With the advent of insertables as an interaction 
device of choice there is an impetus for interaction 
designers to begin to offer insertable versions of devices. 
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